Abstract-Energy harvesting is a technique to harvest energy from RF (radio frequency) waves. The RF signals have the ability to convey energy and information concurrently. The EH in cooperative relaying systems may increase the capacity and coverage of wireless networks. In this work, we study a dual-hop (two-hop) relaying. This system has three nodes: a source, a relay, and a destination. The source and destination have multiple antennas. We account a non-linear EH model and TSR (time-switchingbased relaying) protocol at the single-antenna relay node. We evaluate the system performance over η − µ fading channels. With a saturation threshold, a non-linear EH receiver restrains the harvested power. In the TSR protocol, the relay changes mode between the EH and information processing, by which a fraction of time is used with each process. The fading model η−µ incorporates some fading models as notable cases, viz., Nakagamim, One-sided Gaussian, Nakagami-q (Hoyt), and Rayleigh. The system performance is analyzed in terms of the average capacity and throughput for different saturation threshold power levels, divers antennas arrangements, and different parameter values of η and µ.
I. INTRODUCTION
Energy harvesting (EH) is a technology to gather energy from the surrounding radio frequency (RF) waves and got outstanding recognition to sustain a network lifetime [1] - [14] . The RF signals have an ability to convey energy and information concurrently, therefore, it is possible to collect or harvest the energy from the RF waves and that harvested energy can easily be reserved or used for electronic equipment to work [6] .
RF-based EH technology is studied in cooperative relaying networks [2] - [14] (and references therein), where from the received RF signals, a relay node collects energy. Dual-hop (or Two-hop) relaying is a popular technique to obtain greater capacity and larger coverage of wireless networks [14] . There are two well-known methods for relaying data: AF (amplifyand-forward) method and DF (decode-and forward) method. In an AF relay method, a relay of a dual-hop system amplifies the received message of the source node and forwards it to the next receiver or destination. In a DF relay method, the received message at the relay node is decoded first then forwarded to the next receiver or destination. Recently, a lot of research papers are written on energy harvesting in a two-hop DF relaying system in the literature [2] - [14] .
There are two main EH protocols for two-hop relaying systems: PSR (power-splitting-based relaying) protocol and TSR (time switching-based relaying) protocol. The relay alternatively splits the received signal power from the source node and time into two parts in the PSR and TSR protocols, respectively [6] . A non-linearity of an EH relay/receiver restrict the level of the harvested energy because it is not a practical node. The performance of a two-hop DF EH relaying network based on a non-linear mode of EH receiver was investigated for classical fading channels in [6] - [12] and for general κ − µ shadowed and η − µ fading channels, respectively, in [6] and [13] . In [6] , a DF EH relaying system was studied based on non-linear EH receiver with hardware impairments and performance was analyzed under κ − µ shadowed fading channels. In [7] , the performance of an AF EH relaying system with a non-linear energy harvester for Nakagami-m fading channels was analyzed. A partial DF relay selection scheme with a non-linear energy harvester was investigated in [8] . In [9] , using a non-linear EH receiver model, a two-hop relaying system was investigated where multiple-antennas were installed at the destination and source only and performance was analyzed for a different number of antennas. In interferencelimited environments of Nakagami-m, the DF relaying system performance with a non-linear energy harvester is analyzed in [10] . In [11] , the authors investigated the secrecy performance for a two-hop DF relaying with a non-linear energy harvester. In this system, the best relay is selected using CSI (channel state information) which assists the source to send its message signal to the destination. In [12] , an AF non-linear EH relaying system was studied with perfect and imperfect CSI. Recently, a non-linear EH relay receiver in conjunction with the energy harvesting PSR protocol in a two-hop EH relaying for η − µ fading channels was examined in a delay-limited transmission mode [13] .
Despite the importance of a delay-tolerant transmission mode and a non-linear EH relay receiver in a two-hop EH cooperative relaying network, the impact on the system performance owing to a non-linear model of EH receiver node (i.e., EH relay receiver) with a TSR protocol in a delay-tolerant transmission mode under η − µ fading channels is not studied yet.
In this paper, in a delay-tolerant transmission mode, the impact on the system performance due to a non-linearity of EH receiver in a two-hop EH relaying is investigated under η − µ fading environments. We consider a TSR method [4] to analyze the system performance in η−µ fading environments. The fading model η − µ is a general model, therefore, from this fading model, some special cases can be obtained with special parameters, viz. Rayleigh, One-sided Gaussian, Hoyt, and Nakagami-m [15] . Therefore, from our results which are obtained using the general η − µ fading channels, we can figure out some identical and non-identical cases, such as, the Rayleigh/Rayleigh, One-sided Gaussian/One-sided Gaussian, Nakagami-m/Nakagami-m, Hoyt/Hoyt, and combinations of such fading links.
The remaining sections of our paper are sectioned as follows: In Section II, firstly, we give a brief introduction of the considered system model and then we describe the η − µ channel model and its particular cases; in Section III, performance analysis of the assumed system is provided; the identical and non-identical fading cases which are obtained from the η − µ fading scenario are discussed in Section IV; in Section V, based on the obtained expressions, the numerical as well simulated results are given; in the last section, the conclusion of our paper is concluded.
II. SYSTEM AND CHANNEL MODELS

A. System Model
We account a two-hop relaying system which is exhibited in Fig. 1 . This system has three nodes, namely a source node S which transmit signals to a relay, a relay node R that transmits received signal to a destination, and a destination node D which receives signals of the source node via the relay node. The multiple-antennas, N 1 and N 2 , respectively, are installed at S and D. A single-antenna relay node has no external source of energy, hence, it harvests or generates energy from the obtained RF waves from the source node and utilizes that generated power to send the information of S to D. A TSR protocol is considered at the relay node [4] . Let h 1 and h 2 are the N 1 × 1 and 1 × N 1 channel vectors, respectively, of S to R and R to D. For the TSR protocol, the transmission block structure S D R for information processing and EH is shown in Fig. 2 [4] , where block time is designated by T . In the block time T , S transfers the message to D and α shows the fragment of the block time. In a TSR method, R node alternatively switches the received signal in α : (1−α)T proportion. The node R harvests energy in the fragment of α and the rest fragment (1 − α)T is separated into two sub-portions; (1 − α)T /2 is employed for S to R communication and (1 − α)T /2 is employed for R to D communication. In line with the TSR protocol, the received signals are sent to the information processor and energy harvester for time (1 − α)T /2 and αT , respectively. The harvested energy for αT is obtained as [8] 
EH at Relay R S to R Information Transmission R to D Information Transmission Fig. 2 .
In the TSR scheme, transmission block structure for EH and information processing [4] .
where ζ designates the efficiency of energy conversion and P s is the power which is transmitted by the source.
We consider a non-linear EH receiver. When the input power of a non-linear EH receiver is above the saturation level of the threshold power P th , it produces a sustained transmit power ζP th [6] . Thus, the relay transmit power, P r , can be written as [6] 
The SNR (signal-to-noise ratio) at the relay node and destination node, are respectively, given by [4] [8]
and
where σ 
B. The η − µ Channel Model
The η−µ is a general fading model. This fading model incorporates few fading models as notable cases, viz., Nakagamim, Onw sided Gaussian, Nakagami-q (Hoyt), and Rayleigh [15] . Let γ ( = 1, 2) is the instantaneous SNR of the th link. The PDF (probability density function) of γ ( = 1, 2) cab be written as [15, 
eq. (3)]
www.ijacsa.thesai.orgherein, η and µ are the fading parameters, I v (·) denotes the v-th order of the modified Bessel function of the 1st kind,
, I v (·) denotes the average SNR of the -the link, and Γ(·) shows the Gamma function.
In Table I , we summarized the special or particular cases of the η−µ fading model where q and m shows the fading parameters of the distributions, respectively, Hoyt and Nakagami-m.
III. PERFORMANCE ANALYSIS
In this section, firstly, the average capacity is described, then based on the average capacity expression, the achievable throughput is eventually obtained.
A. Average Capacity Analysis
The statistical mean of the mutual information between the transmitter (i.e., source) and receiver (i.e., destination) is the average capacity. For a DF EH relaying system, the average capacity can be obtained as [6] 
where
denotes the expectation operator, and γ R and γ D are given by (3) and (4), respectively.
B. Throughput Analysis
The throughput of a dual EH relaying system with beamforming based on non-linear EH receiver in a mode of a delaytolerant transmission is provided as [6] 
Utilizing (7) and with the aid of Matlab, we can acquire the optimal time-switching ratio α * and the optimal throughput τ * numerically.
IV. SPECIAL CASES Some particular cases are included in the η − µ fading model, namely Nakagami-m, Rayleigh, and Hoyt. Hence, the average capacity and throughput expressions for the different fading cases can be obtained from (6) and (7) with special parameters as given in Table I . Subsequently, the possible fading conditions are Rayleigh/Rayleigh, Rayleigh/Nakagamim, Rayleigh/Hoyt, Nakagami-m/Nakagami-m, Nakagamim/Rayleigh, Hoyt/Hoyt, Nakagami-m/Hoyt, Hoyt/Rayleigh, and Hoyt/Nakagami-m. These special cases are also discussed in [13, Here, in Section V, the performance is evaluated of the twohop EH relaying system that has a non-linear model of EH relay receiver in η−µ fading environment. We set some basic parameters throughout simulations as presented in Table II , unless otherwise stated. Fig. 3 shows the throughput, τ , against time-switching ratio, α, for divers antennas organizations. As expected, the throughput is increased with increasing the number of antennas. The throughput increases as time-switching ratio, α, grows from 0 to α * (i.e., a point of optimal-value of the time-switching ratio where the system achieves the maximum throughput), and the value of the throughput lowers as α grows from the optimal-value α * to 1. and µ 1 = µ 2 = 2. From Fig. 4 . one can notice that the system performance is better with a linear EH relay receiver as compared to a non-linear EH relay receiver. The receiver for energy harvesting is a non-linear node and yields a sustained transmit power ζP th if the given power to the receiver for energy harvesting is at a higher level than a saturation power P th .
In Fig. 5 , the performance based on throughput with respect to time-switching ratio is shown for different saturation threshold power levels. From Fig. 5 , it is seen that the performance in terms of throughput improves with the saturation level of threshold power P th . The enhancement in the mount of saturation threshold power decreases the probability of saturation of the EH receiver; in fact, the EH receiver of relay need more power to harvest energy. time-switching ratio for distinct values of µ (µ 1 , µ 2 ). From this, we perceive that the increment in parameter µ, subsequently, raises the overall performance. Fig. 7 shows the throughput performance when we set different number of antennas. In a non-linear EH mode, it is seen that the throughput performance is better when we set N 1 < N 2 as compared to N 1 < N 2 .
VI. CONCLUSION
A DF EH cooperative relaying with beamforming that has a non-linear EH relay receiver is studied in η − µ fading environments. We assumed a non-linear EH relay receiver and time switching TSR protocol at the relay node. With respect to the number of antennas, parameter µ, amount of saturation threshold power, we evaluated our system in different environments of η − µ fading. From our obtained results, we concluded that the effect of the saturation level of threshold power can be reduced with beamforming techniques. The special cases of fading channels can be deduced from the general model of η −µ fading, therefore, we can obtain new analytical results for various classical (Rayleigh, Hoyt, and Nakagami-m) and general fading conditions.
